Abstract: Alpine musk deer (Moschus sifanicus), well-known for their musk production, are endemic to western China. Due to historical unrestricted illegal hunting and habitat loss, captive farming has been employed as a means of conserving this endangered species and developing sustainable musk harvesting techniques. For captive animals, an understanding of behavioral characteristics is vital to improve management practices. This study addressed a lack of information regarding the behavioral characteristics of alpine musk deer; specifically daily activity patterns in respect to gender and reproductive season. From August 2002 to January 2003, focal sampling was employed to observe 32 adult captive alpine musk deer (13 females and 19 males), at Xinglongshan Musk Deer Farm (XMDF), located at Xinglongshan National Nature Reserve, Gansu Province, China. Results indicated that the general behavioral patterns were similar between female and male captive alpine musk deer throughout both reproductive and non-reproductive seasons (rut and pre-rut season). Both male and female alpine musk deer demonstrated tail-pasting behavior during rut season, a previously male-only behavior trait. Female musk deer also rested comparatively more than males during pre-rut season.
Introduction
Musk deer (Moschus spp.) are well-known for the production of musk, a highly valuable ingredient used in some perfumes and Chinese traditional medicines. Historically, musk deer were distributed throughout China, Russia and central Asia, however, recent habitat destruction and intense illegal hunting have significantly reduced the population. In China, increasing awareness of the endangered status of the musk deer is evident in its protection as a Category I key species under the Wild Animal Protection Law, whilst it is internationally listing on both the Endangered Species of Wild Fauna and Flora (CITES, Appendices II), and World Conservation Union IUCN Red list (near-threatened, last assessed in 1996) . Since 1958, captive farming has been employed in China to conserve and sustainably utilize musk deer resources (Homes 1999) . Currently, approximately 2000 individuals are housed in captivity across China (Parry-Jones & Wu 2001) .
The cryptic and highly vigilant nature of musk deer, in conjunction with its solitary lifestyle, has resulted in limited understanding of the behavior of these species. In particular, little is known of alpine musk deer (Moschus sifanicus Büchner, 1891), a species endemic to the mountainous regions of western China. Approximately 300 captive alpine musk deer are housed at Xinglongshan Musk Deer Farm (XMDF), which is located at Xinglongshan National Nature Reserve, China. Whilst husbandry techniques are continually improving, high mortality rates, low production of musk, and shortened life span for musk secretion, remain problematic barriers to successful captive breeding and the sustainable use of musk deer resources (Jiang 1998; Homes 1999; Parry-Jones & Wu 2001) .
In China, current deer farming practices are based on nutritional requirements with little consideration for the social or behavioral specification of the species. Such factors are critical for the success of musk deer farming, whose solitary habitats, territorial behavior and excitable nature, have compounded the difficulties of captive breeding and management (Green 1987; Parry-Jones & Wu 2001) . Determining general behavioral characteristics, in addition to gender and seasonal reproductive patterns is the principle aim of this study, and will provide valuable information to improve current management systems. Thirty-two captive adult alpine musk deer (19 male and 13 female), all of which were born and raised in captivity at XMDF, were observed over a six month period from August 2002 to January 2003. Groups of up to seven, individuals were housed in outdoor yards (100 m 2 ), with unrestricted access provided to six adjoining indoor brick cells (4 cm 2 ). Neighboring enclosures were separated by wire mesh, enabling olfactory and auditory communication between individuals, but prevented physical contact. Animals were fed twice daily, at dawn and dusk, on a diet of fresh leaves (May to November) or dried leaves (December to April). Leaves of the preferred forage species; Crataegus kansuensis and Acer tetramerum et al., were collected from the Xinglongshan National Nature Reserve, a habitat for wild musk deer. This diet was supplemented with artificial feed containing approximately 40% corn, 25% wheat, and 25% beans, which were mixed onsite. Seasonal vegetables were also provided opportunistically and water was provided ad libitum. Diet manipulation was not possible in this study, as all experiments were conducted at a commercially operating deer farm, however, food provisions were consistent throughout the study.
Material and methods

Animals
Male and female musk deer were housed separately from March to October, during the non-reproductive or prerut season. In line with commercial breeding practices, at the commencement of rut season (November to March), one male was introduced into each of the female enclosures. Due to the high number of males at the farm, only the most successful breeding males are housed with females, whilst the remaining males are housed in single sex enclosures. All animals were individually identified by numbered plastic ear tags.
Ethogram and behavior sampling
On the basis of previous behavioral studies (Zhang 1979; Sheng & Ohtaishi 1993; Green 1987) , and preliminary observations, the following ethogram was established for captive musk deer:
Resting (RE): Animal is lying on the ground and in an inactive and relaxed state. Standing-alert (SA): Animal is still, alert and gazing at stimuli. Locomotion (LO): Animal is moving without any accompanying behaviors. Feeding/Drinking (FD): Animal is ingesting leaves, artificial feed or drinking water. Ruminating (RU): Animal expresses typical behavioral series of rumination, i.e., chewing, swallowing and regurgitating. Tail-pasting (TP): Animal expresses scent mark by rubbing the base of the tail in circular movement on the surface of a wall or doorframe. Urinating/Defecating (U/D): Animal fully or partially exhibits activities such as squatting on hind legs, earth-scratching, urinating, defecating and covering pellets by scratching. Behavior observed both in association and isolated from latrines. Environmental sniffing (ES): Animal explores the wall or ground with its nose. Ano-genital sniffing (AS): Animal sniffs or licks the ano-genital region of another musk deer. Self-directed behavior (SD): Animal expresses activities directed to itself, including self-grooming with mouth, self-scratching and other self-directed behaviors. Affinitive interaction (AI): Direct physical contact between adult animals without obvious aggression i.e., mutual grooming, sniffing, licking. Agonistic interaction (CI): Aggressive behaviors with or without direct body contact, including chasing, striking with forelegs, or canines (males). Miscellaneous behavior, (MB): All other infrequent behaviors, such as stereotypic, and mating behaviors including chasing, mounting, courtship and mate guarding.
Data collection and statistical analysis At XMDF, alpine musk deer fawning occurs from June to July, mating occurs from November to February, and weaning of calves is conducted in October (Meng et al. 2003a) . Henceforth, during this study, the observation period was defined as 'pre-rut season' (August to October) and 'rut season' (November to January). Due to lighting restrictions, behavioral observations were recorded during daylight hours with the assistance of binoculars (10 × 42
• ) to confirm individual ear tag numbers. To measure behavioral patterns, a focal musk deer was selected randomly from a group and behavior recorded continuously for five minutes, before observing the next randomly selected deer, until all 32 musk deer had been observed. A single researcher conducted these observations four times a day, three times a week, over a period of six months for each animal, with a total of 260 hours of observations.
The duration of each behavior (seconds) was recorded using a stopwatch. Seasonal averages (± standard error) were compared for each animals and between males and females. Behaviors were standardized by individual and number of samples respectively. Due to the infrequency and variable nature, miscellaneous behaviors (MB) were excluded from analysis.
As female and male musk deer were housed separately during pre-rut season and thus observations were independent, the Mann-Whitney U-test was used to determine any potential difference between sexes. In rut season, however, as males and females observations were not independent, the Wilcoxon Signed Rank Test was utilised to explore behavioral differences between males and females. Statistical analysis was conducted with the SPSS11.0 (SPSS Inc., Chicago, Illinois), using two tailed probability, with a significance level of P = 0.05.
Results
Male and female behavioral comparisons during pre-rut season The behavioral comparisons during the pre-rut seasons (mean ± standard deviation) are shown in Fig. 1 . Males expressed significantly more resting (96.14 ± 15.71), agnostic (1.42 ± 0.67), and tail-pasting behavior (1.39 ± 0.89) as compared to females (RE: 42.32 ± 11.35, P < 0.01; AI: 0.57 ± 0.26, P < 0.05; TP: 0 ± 0, P < 0.001), however, the latter should be viewed with caution as no occurrence of tail-pasting was recorded by females during the pre-rut season. All other behaviors were not significantly different between the sexes, however, general trends indicated that females showed more urinating/defecating behavior (7.20 ± 2.88) than males (1.04 ± 0.41, P > 0.05).
Male and female behavior comparisons during rut season
The behavioral patterns of female and male captive musk deer during rut season are shown in Fig. 2 . We recorded significantly more agnostic interaction from 596 X. Meng et al. males (7.97 ± 3.05) than from females (3.55 ± 1.46, P < 0.05). Tail-pasting behavior was recorded in females (0.67 ± 0.23.), however, this was significantly less than in males (6.48 ± 2.75, P < 0.05)
Behavioral differences between males and females
Pooling data across reproductive seasons, behavior comparisons between male and female musk deer are shown in Fig. 3 . Male musk deer rested more (78.33 ± 11.86) than females (58.60 ± 10.57, P < 0.05) and displayed significantly more tail-pasting behavior (3.34 ± 1.22) than females (0.01 ± 0.01, P < 0.01). In general, males showed more agonistic behavior (3.93 ± 1.29) and less affinitive interaction (0.90 ± 0.68) compared to females (CI: 2.10 ± 0.77; AI: 4.07 ± 2.37), however, these comparisons were not significantly different (P > 0.05).
Discussion
According to the resource allocation theory, animals allocate energy towards reproduction and growth to maximize their fitness. Behavior patterns are an important aspect by which this can be achieved, for example captive animals may demonstrate a decrease in energetically expensive behaviors in response to a stable artificial environment (Schutz et al. 2001) . In addition to factors of reproductive season and social environment, the environment of an animal will influence its behavior, as such behavioral differences are expected between captive and wild conspecifics. With these limitations in consideration, captive animals, however, do provide an opportunity to study behavior patterns of little known species. In the case of alpine musk deer, whose cryptic and solitary nature has proven problematic to investigate, observation of captive individuals provides information on behavioral patterns and some indication of the behavior of their wild counterparts. During our study, male and female captive alpine musk deer exhibited similar behavior patterns, both Seasonal behavioral patterns of captive musk deer in rut and pre-rut season. Similar findings have been described for captive musk deer at XMDF and Foziling Musk Deer Farm (Anhui Province China) (Zhang 1979; Jiang 1998) . Some variation was evident, particularly in behaviors linked to seasonal reproduction, such as aggressive interactions or scent marking demonstrated by tail-pasting activities. The increased aggressive behavior observed in males during the rut season, reflects an increase in reproductive behaviors, during this time males would compete with other males for accessibility to potential female mates (Zhang 1979; Sheng & Ohtaishi 1993) . These behaviors are demonstrated in the high occurrence of agnostic interactions within males, which are not recorded for females. Despite this, behavior directly linked to reproduction, such as mounting and mate guarding were highly infrequent and generally less than 5 seconds in duration, indicating little effect on seasonal comparisons (Zhang 1979; Zhou et al. 2004; Meng et al. 2003b) . Affinitive behavior was much greater in females than males. Whilst mother-fawn interaction was part of this behavior category, the relative proportion of time was very limited, as reported by Du & Sheng (1996) , total daily nursing time in captive forest musk deer (Moschus bererovskii Flerov, 1929), did not exceed 10 minutes. As such, gender differences in affinitive behavior extend beyond maternal activity requirements.
Physiological requirements may also play a major role in behavioral patterns such as the production of musk in males and lactation in females. Male alpine musk deer secrete musk in June and July, prior to the onset of rut season in November (Zhang 1979; Meng et al. 2003a, b; Zhou et al. 2004) . Whilst the function of musk is still uncertain (Green 1987; Zhou et al. 2004) , musk secretion is a highly energetic physiological process, during which the male deer becomes excited, refuses food and ceases defecating. During the pre-rut season (August to October), males showed more feeding and ruminating behavior, but less locomotion behavior than in rut season (November to February) a possible compensation for such high energy activity.
During the pre-rut season, females commence the highly energetic process of lactation. In order to conserve energy, it would be predicted that such activities would coincide with a decrease in active behaviors. In contrast, we observed a decline in resting behavior during the pre-rut season. Similar findings have been recorded by Zhang (1979) who attributed the decrease to increased active requirements as a consequence of maternal care. In addition, there is also a potential trade-off between resting and vigilance (Ruckstuhl et al. 2003) . Vigilance is a behavior that increases the probability that an animal will detect a stimulus at a given time (Dimond & Lazarus 1974) . When the stimulus occurs, musk deer cease resting and show standing-alert behavior to avoid predation or disturbance, while reducing time spent feeding. Wild animals increase vigilance at the expense of feeding time in response to predation risk or threats from conspecifics. For example, Ruckstuhl et al. (2003) recorded higher vigilance in lactating female bighorn sheep (Ovis canadensis Shaw, 1804) as compared to males, in response to increased requirements to prevent predation of offspring. Wild musk deer are typical solitary forest ruminants, with a home range of 20-30 ha (Green 1987) . In captivity, however, several musk deer are housed in a small area (100 m 2 ), thus the potential threat from conspecifics, in addition to other sources of stimuli, such as human activity during normal management practices, are greatly increased. Similarly, this study recorded a higher frequency of standing-alert behavior in female musk deer as compared to males, concurring with findings in the bighorn sheep (Ruckstuhl et al. 2003) .
In addition to satisfying its daily food requirements, ruminants in mountain environments must accumulate enough fat during the growing season to reproduce during winter (Relyea & Demarais 1994) . At XMDF male and female musk deer fed and ruminated relatively more throughout August and October, probably in order to accumulate energy to enter the coming rut season. Shi et al. (2003) recorded a similar behavior pattern in feral goats (Capra hircus L., 1758).
